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[57] ABSTRACT

The present invention provides methods and therapeutic
compositions for treatment of mammalian tumors wherein
the cells of such tumor express both epidermal growth factor
receptor and pl85neu, pl85c-neu or a homologue of
p185neu or p185c-neu and the epidermal growth factor. At
least one antibody specific for epidermal growth factor
receptor, monoclonal antibody 425, and at least one antibody
specific for p185neu, p185c-neu or a homologue of p185neu
or p185c-neu, monoclonal antibody 7. 16.4, are administered
to the mammal in an amount effective to reduce tumor
growth.
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METHODS OF TREATING CANCEROUS
CELLS WITH ANTI-RECEPTOR
ANTIBODIES

This is a continuation of application Ser. No. 07/386.820.,
filed Jul. 27, 1989, now abandoned.

FIELD OF THE INVENTION

The present invention is related to the field of treatments
of mammalian tumors. More particularly this invention
relates to methods for treating mammalian tumors employ-
ing antibodies and novel therapeutic compositions for such
treatment.

REFERENCE TO RELATED APPLICATIONS

This application is related to co-pending U.S. application
Ser. No. 126,572 filed Nov. 30, 1987 in the names of Mark
L Greene and Jeffrey A. Drebin.

BACKGROUND OF THE INVENTION

Current tumor treatments rely for the most part in the
cytotoxic effects of drugs and radiological therapy. Although
these treatments bring remission and cure to some patients,
they unfortunately have serious side effects because they kill
not only tumor cells but also normal non-tumorous cells.
There exists a great need for mammalian tumor treatments
which affect primarily the tumor cells, but that have minimal
interference with normal cells and cellular functions.

Recent studies in the molecular genetics of cancer indi-
cate that certain genes known as ORCOgencs may play a role
in the transformation of some cells from their normal
condition to a cancerous condition. Proto-oncogencs, genes
closely related to these genes, are found in somatic cells of
all eukaryotic species examined and have been highly con-
served in evolution and it is thought that proto-oncogenes
normally play critical roles in cellular growth and develop-
ment. Oncogene amplification and chromosomal rearrange-
ments involving oncogenes have been detected in a large
number of tumors. Furthermore, some tumors have been
shown to contain activated oncogenes which, in DNA trans-
fection assays, are capable of conferring neoplastic proper-
ties upon non-neoplastic rodent fibroblast cell lines. Collec-
tively these studies suggest that alterations in proto-
oncogene structure and function play a critical role in the
development of neoplasia.

Although most oncogene-encoded proteins reside in the
nucleus or the cytoplasm, some oncogenes encode proteins
that express antigenic sites on the cell surface. For example,
the erbB. fms and ros oncogene products are transmembrane
glycoproteins that possess extracellular domains. The sis
oncogene product may also exist in a membrane associated
form on the surface of transformed cells. Another oncogene
which encodes a protein that exposes antigenic sites on the
surface of transformed cells has been identified by transtec-
tion of DNA from ethyl nitrosourea-induced rat neuroblas-
tomas into NIH3T3 cells. This oncogene has been termed
neu. The neu gene has been found to be amplified in some
human tumors, particularly those of the breast, suggesting
that this gene may play a role in the etiology of human
cancer.

Amplification of c-erB-2, the human homologue of the rat
c-neu gene, occurs with high frequency in some human

adenocarcinomas of the breast, pancreas and ovary. Increas-
ing c-erbB-2 expression levels may comrelate with the clini-
cal progression of adenocarcinoma of the breast. The neu
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oncogene and p185 have also been found active in human
adenocarcinomas including breast, lung, salivary gland and
kidney adenocarcinomas, as well as prostate neuroblastorma.
In human primary breast cancers. amplification of the neu
oncogene was found in about 30% of all malignant tumors
examined. Increased malignancy, characterized by large
tumor size and increased number of positive lymph nodes as
well as reduced survival time and decreased time to relapse.
was directly comrelated with an increased level of amplifi-
cation of the neu gene. The neu proto-oncogene is expressed

at Jow levels in normal human tissues.

The neu oncogene was originally isolated from rat neu-
roblastomas that developed in the offspring of rodents
exposed to ethylnitrosourea at a discrete time period of
gestation. The neu oncogene encodes an 185 Kd surface
glycoprotein, termed pl8Sneu, that possesses tyrosine
kinase activity, and is structurally similar to the EGF recep-
tor at the nucleotide and amino acid level. However.
pl85neu has been shown to be distinct from the EGF
receptor by detailed molecular analysis and chromosomal
localization studies. The rodent cellular neu cDNA has been
compared to the oncogenic neu cDNA. and the normal
cellular gene product, p185c-neu, has been found to differ
from the oncogene product by a single amino acid substi-
tution (valine to glutamic acid) in the transmembrane
anchoring domain. p185neu becomes activated by this point
mutation in its transmembrane region. p185c-neu has been
found in variety of tissues derived from developing and
adult animals in a developmental stage and tissue specific
manner. Both p185neu and its normal, cellular homologue,
termed p185c-neu, possess tyrosine kinase activity, although
the oncogenic form has greater, kinase activity, The neu
encoded tyrosine kinase domain identifies the neu gene as a
member of a large tyrosine kinase gene family. pl85¢-neu is
highly homologous to, yet distinct from the epidermal
growth factor receptor (EGFR).

The epidermal growth factor receptor protein is a struc-
ture of 170 kd mass that has been identified on both normal
glial and glioma cells. Analysis of the EGF receptor’s
(EGFR) deduced primary structure suggests that is a trans-
membrane glycoprotein receptor which contains a tyrosine
kinase domain. The extracellular portion of 621 amino acids
of this receptor, which spans the membrane only once,
makes up the ligand binding domain. By analysis of shared
sequences, it has been determined that the EGF receptor is
the proto-oncogene product of the transforming v-erbB
oncogene. The v-erbB oncogene was first characterized
from the avian erythroblastosis virus. The EGF receptor
encoding gene is often found in amplified forms in glioblas-
toma. The EGF receptor is structurally and antigenically
related to the neu oncogene encoded receptor. Despite
structural similarities, neu and erbB aiso differ and are
separated in the genome. The erbB gene has been mapped to
human chromosome 6, whereas the neu gene resides on
chromosome 17.

In in vitro studies, c-erbB-2 transfection and subsequent
overexpression of p185c-erbB-2 results in transformation of
NIH3T3m cells. Similar studies with overexpressed EGFR
reveal EGF-dependent cell transformation in vitro assays,
but these same cells are not tumorigenic in nude mice.
Unlike the NIH3T3 erbB-2 transfectants, NIH3T3 cell lines
expressing high levels of p185c-neu are not transformed.

EGF, in an EGFR dependent manner, stimulates normal
and transformed rodent and human cell lines resulting in
increasing tyrosine phosphorylation of p185neu. pl85c-neu.
and p185c-erbB-2 with a concomitant increase in their
respective tyrosine kinase activities.
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SUMMARY OF THE INVENTION

The invention provides novel methods for treating mam-
malian tumors expressing both the epidermal growth factor
receptor and p185 neu, p185c-neu, or a homologue of p185
neu or pl85c-neu, such as erbB-2 on the surface of tumor
cells. At least one antibody specific for epidermal growth
factor receptor and at least one antibody specific for p185
neu, p185c-neu or a homologue of p185 neu or p185c-neu
are administered to the mammal in an amount effective to
suppress tumor growth. The antibodies work synergistically
to suppress tumor growth; the administration of a combina-
tion of antibodies having a greater effect in reducing tumor
growth than the administration of either type of antibody
alone. The antibodies are preferably specific for an external
domain of the epidermal growth factor receptor and p185
neu, p185c-neu, or homologue of p185 neu or p185c-neu.

The invention also provides novel therapeutic composi-
tions for treating mammalian cancer tumors having cells
which express both the epidermal growth factor and p185
neu, pl35c-neu or homologue of p185 neu or p185c-neu.
The compositions of the invention comprise at least one
antibody specific for p185 neu, p185c-neu or homologue of
p185 neu or pl85c-neu, at least one antibody specific for
epidermal growth factor receptor and a pharmaceutically
acceptable carrier or diluent.

It has been found that two distinct overexpressed tyrosine
kineses, pl85c-neu and EGFR can act synergistically to
transform NIH 3T3 cells. thus identifying a novel mecha-
nism that can lead to transformation of cells. Overexpression
of pl85c-neu alone in rodent fibroblasts does not result in a
transformed cellular phenotype; nor does overexpression of
EGFR alone. However, overexpression of both EGFR and
pl185c-neu in the same cell does result in cellular transfor-
mation.

Applicant has also demonstrated that administration of a
mixture of antibodies specific for extracellular domains of
EGFR and p185neu surprisingly have a synergistic effect in
reducing or abolishing cancer tumor growth in mice. Admin-
istration of a mixture of both types of antibodies slow tumor
growth to a much greater degree than administration of
antibodies to either EGFR or p185neu alone.

In general, the antibodies used for tumor immunotherapy
by passive transfer of monoclonal antibodies are specific
against random structures on the malignant cell surface,
rather that cell surface molecules required for maintenance
of the transformed phenotype. Antibodies specific for struc-
tures that themselves are necessary for neoplastic cell
function, as are EGFR and p185c-neu, represent a more
potent and efficient approach to cancer treatment.

The methods of the invention are useful in treating
mammalian cancer tumors expressing both EGFR and
pl85neu, pl85c-neu, or a homologue of p185c-nen or
pl85neu, such as erbB-2, the human homologue. Human
tumors often have elevated levels of c-erbB-2 and/or EGFR.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 shows a graph of the effects of monoclonal
antibodies to EGFR and p185c-neu and a combination of
these antibodies upon tumor growth.

DETAILED DESCRIPTION OF THE
INVENTION

In the methods of the invention antibodies, preferably
monoclonal antibodies, are administered to mammals hav-

ing a tumor expressing both epidermal growth factor recep-
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4

tors (EGFR) and p185 neu, p185c-neu or homologue of
pl85 neu or pl85c-neu on the cell surfaces in amount

effective to reduce tumeor size.

Antibodies to EGFR and p185 neu, p185c-neu or homo-
logue of p185 neu or pl85c-neu are preferably administered
to the mammal in combination with a pharmaceutically
acceptable diluent or carrier, such as a buffer or saline
solution. The antibodies may be administered to the mam-
mal mixed together in the same diluent or carrier as a single
dose, or they may be administered to the mammal in
separate diluent or carrier solutions as separate doses, at
substantially the same time or at different times. The anti-
bodies are preferably administered to the mammal by injec-
tion into the tumor or tissue near the tumor. Other suitable
methods of administration include oral, intraperitoneal,
intramuscular and other conventional routes of pharmaceu-
tical administration. The antibodies are administered to the
mammal for a length of time effective to reduce tumor size
and as needed to maintain regression of the tumor.

Antibodies useful in the methods of the invention may be
made by conventional methods of producing monoclonal or
polyclonal antibodies, such as the method in Harlow and
Lane, eds., Antibodies: A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y., 1988. A
general method for the production of monoclonal antibodies
comprises the steps of immunizing an animal such as a
mouse or rat with an antigen to which monoclonal antibod-
ies are desired. After allowing time for the immune system
to generate lymphocytes capable of producing antibodies to
the antigen, the animal is sacrificed and a suspension of
spleen cells is prepared. The spleen cells are then fused with
myeloma cells by contacting them in the presence of a fusion
promoter such as polyethylene glycol. A percentage of the
cells fuse to produce hybridomas. The earlier immunization
of the animal from which the spleen cells were removed
results in a2 number of lymphocytes which secrete antibody
to the antigen of interest, a characteristic that is transferred
genetically to the hybridoma during fusion of the spleen and
myeloma cells. Hybridomas secreting monoclonal antibody
having the desired specificity are then isolated using routine
screening techniques.

Antibodies suitable for use in the methods of the inven-
tion are preferably specific for extracellular domains of the
receptor i.e., these portions of the molecule which extend
beyond the transmembrane region into the extracellular
region. The extracellular domains of the EGFR are amino
acids 1 through 621, Ullrich et al. Nature 309: 418-425. The
extracellular domains of p185c-neu are amino acids 1-657,
Bargmann et al. (1986) Nature 319: 226-230. Antibodies to
the extracellular domains of these receptors may be pro-
duced starting with purified receptor or cells expressing the
receptor on their surfaces,

Purified EGFR for use in producing antibodies suitable
for use in the methods of the invention may be obtained from
cells expressing EGFR, such as placental tissue, tumors or
cell lines expressing EGFR. such as A431 carcinoma cells,
Ullrich et al. Nature 309: 418425, or the cell lines described
herein. Alternatively, cells expressing EGFR on their surface
may be used as the starting material for production of
antibodies. Suitable cells include the cell lines disclosed
herein, tumor cells expressing EGFR and other cells
expressing BGFR.

Monoclonal antibodies specific for extracellular domains
of EGFR may be selected by screening for binding of the
antibodies to cells expressing EGFR. Antibodies binding to
EGFR expressed on the surface of cells will be specific for
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extracellular domains of EGFR. The antibodies may be
further screened by testing for binding of the antibodies to
cells not expressing EGFR on their surface; no binding
additionally indicating specificity for EGFR. Suitable meth-
ods for production and selection of monoclonal antibodies
include the method of Richert et al. (1983) Journal of
Biological Chemistry 258: 8902-8907.

p185c-neu or p185neu can be obtained from cells express-
ing the receptors for use in producing antibodies specific, or
the cells expressing p185c-neu or pl185neu may be used for
producing antibodies. Suitable cells include those described
herein, NIH 3T3 cells transformed by the neu gene, either
the oncogenic or normal allele as described in Hung et al.
(1986) Proc. Natl. Acad. Sci. USA 83: 26 1-264, Bargmann
and Weinberg (1988) Proc. Natl. Acad. USA 85: 53945398,
and Bargmann et al. (1986) Nature 319. 226-230.

Monoclonal antibodies specific for extracellular domains
of p185c-neu or p185neu may be selected for by screening
for binding of the antibodies to cells expressing pl85c-neu
or pl85neu. Antibodies binding to pl85c-neu or pl85neu
expressed on the surface of cells will be specific for extra-
cellular domains of p185c-neu or p185neu. The antibodies
may be further screened by testing for binding of the
antibodies to cells not expressing p185c-neu or pl85neu on
their surface: no binding additionally indicating specificity
for p185c-neu or p185neu. Suitable methods for production
and selection of monoclonal antibodies include the method
of Drebin et al. (1984) Nature 312: 545-548. Briefly, in this
method monoclonal antibodies specific for extracellular
domains of p185neu or p185c-neu may be selected for by
initially screening culture supernatants from growing hybri-
domas for the presence of antibody capable of binding
B104-1-1 cells by indirect immunofluorescence using fluo-
rescence activated cell sorting (FACS). Positive superna-
tants may then be tested for specificity by determining
whether they contain antibody capable of binding normal
NIH 3T3 cells, or NIH 3T3 cells transformed by transfection
with Harvey sarcoma virus proviral DNA (cell line XHT-1-
1a).

Chimeric antibodies having a specificity for both the
epidermal growth factor receptor and pl85 neu, pl85c-neu
or a homologue of p185 neu or p185c-neu, such as erbB-2
combine specificity for two different antigens in the same
molecule. Chimeric antibodies may be produced by fusing
two separate monoclonal antibody producing cell lines, s0
that the resulting cells produce monoclonal antibodies hav-
ing specificity for both antigens. Chimeric antibodies of this
type may be made by procedures known in the art, such as
the method in Milstein and Cuello (1984) Immunology
Today 5: 299-304, the disclosures of which are specifically
incorporated as if fully set forth herein.

Antibodies suitable for use in the methods of the inven-
tion may be conjugated to other types of molecules such as
cytotoxic molecules to enhance the tumor-reducing proper-
ties of the antibodies or provide other means of treating the
tumors. For instance, the antibodies may be conjugated with
a radioactive molecule, or therapeutic molecule such as a
drug or other cancer treatment.

It is within the scope of the invention to use fragments of
antibodies specific for epidermal growth factor receptor,
pl185 neu, pl85c-neu. or a homologue of p183 neu or
p185c-neu that exhibit binding specificity to these receptors.
It is also within the scope of the methods of the invention to
use peptides bindable with epidermal growth factor receptor,
p185 neu, pl85c-neu. or a homologue of pl85 neu or
p185c-neu, such peptides comprising at least a portion of the
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hypervariable region of an antibody specific for epidermal
growth factor receptor, p185 neu, p185c-neu, or a homo-
logue of p185 neu or p185c-neu. These peptides may also be
joined at one end by a means such as a disulfide bond to form
peptide dimers having one peptide bindable with EGFR and
one peptide bindable with p185 neu, p185c-neu, or a homo-
logue of p185 neu or pl85c-neu.

Experimental Procedures
Preparation of Monoclonal Antibodies Specific for pl185ncu

C,H/Hel] mice were repeatedly immunized with NIH 313
transfectants transformed by the neu oncogene (cell line
B104-1-1) emulsified in Freund’s adjuvant. Spleens from
immune mice were fused with the aminopterin-sensitive
NS-1 myeloma line, and hybridomas were selected In
hypoxanthine-aminopterin-thymidine media. Culture super-
natants from growing hybridomas were initially screened for
the presence of antibody capable of binding B104-1-1 cells
by indirect immunofluorescence using fluorescence acti-
vated cell sorting (FACS). Positive supernatants werce then
tested for specificity by determining whether they contained
antibody capable of binding normal NIH 3T3 cells, or NIH
3T3 cells transformed by transfection with Harvey sarcoma
virus proviral DNA (cell line XHT-1-1a). Selection of anti-
bodies was performed according to these methods as dis-
closed in Drebin et al. (1984) Nature 312: 545-548, the
disclosures of which are specifically incorporated as if fully
set forth herein. Five hybridomas were identified that pro-
duce monoclonal antibodies capable of specifically binding
B104-1-1 cells. One of the hybridomas produces an anti-
body termed 7.16.4 which is an immunoglobulin of the
IgG2a isotype. Antibody 7.16.4 appears to recognize a
cell-surface antigenic determinant specifically expressed by
cells containing the neu oncogene.

Cell Culture Techniques

Cell lines were routinely cultured in 175 mm tissue
culture flasks (Corning). containing 10 ml of Dulbecco’s
modified Eagle’s medium (DMEM<K.C. Biologicals)
supplemented with 5% heat inactivated fetal calf serum, 1%
pen-strep mixture (M.A. Bioproducts). Transformed cell
lines were passaged twice weekly at a 1:20 dilution follow-
ing release from the tissue culture dish surface with Trypsin-
Versene (M.A., Bioproducts). Nontransformed NIH3T3w
cells or NR6 cells were passaged in a similar fashion, but at
higher dilution (1:30-1:50) to prevent the development of
spontaneous transformants.

Transfection and Cell Isolation

DNA transfection into 1x10° cells was carried out by the
calcium phosphate precipitation technique (Graham and Van
der Eb (1973) Virology 52: 456-467. The plasmids used in
this study were pSV2-neuN, prepared according to the
method of Bargmann et al. (1986) Nature 319: 226-230
(contains DNA coding for p185-neu), pEGFR1 prepared
according to the method of Gorman and Miyajima (1988) J.
Cell Biochem. Supplement 12A, C219 (a gift from A.
Miyajima, DNAX) (contains DNA coding for epidermal
growth factor receptor), pSV2NEO (Southern and Berg,
(1982) J. Mol. Appl. Gent. 1: 327-341, and pSV2ZDHFR
(Hung et al. (Proc. Natl. Acad. Sci. USA 83: 261-264). Two
days after transfection, the cells were split and grown in the
presence of 600 pM methotrexate in Dulbecco’s modified
Eagle’s medium containing 10% dialyzed calf serum.
pEGFR1, the human EGFR cDNA is cloned under the
transcriptional control of the SV40 early promotor element
and the R-U5 segment of human T cell leukemia virus type
1 LTR (Takebe et al., (1988) Mol. Cell. Biol. 8: 466—472).
1 pg of pEGFR1 was used for each transfection.

Anchorage-Independent Growth Assay
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Anchorage-independent growth capability was deter-
mined by assessing the colony-forming efficiency of cells
suspended in soft agar according to the method in Drebin, et
al. (1985) Cell 41: 695-706. All experiments to determine
colony-forming efficiency were conducted using SO0 mm
tissue culture dishes containing a 6 ml cell free feeder layer
and a 1 ml top layer in which 1x10° or 1x10* cells were
suspended. Colonies were counted at 21 days for all cell
lines. Each experimental group represents the mean of
triplicate of quadruplicate samples.

Experimental Animals

Nude mice were obtained from Jackson Laboratories (Bar
Harbor, Maine) and were housed in the Research Animal
FAcility of the Department of Pathology, University of
Pennsylvania School of Medicine. Animals used in this
study were maintained in accordance with the guidelines of
the Committee on Animals of the University of Pennsylva-
nia and those prepared by the Committee on Care and Use
of Laboratory Animals of the Institute of Laboratory Animal
Resources. national Research Council (DHEW publication
NIH 78-23, revised 1978).

Phosphorylation and Immunoprecipitation

All reagents were obtained from Sigma Chemical Co. (St.
Louis, Mo.) unless otherwise indicated. 1x10° cells were
plated, cultured for 24 hours and then incubated with inor-
ganic *“P (Amersham) at 0.5 mCi/ml in 5% FCS/phosphate
free RPMI for 16 hours. The cells then were incubated for
15 minutes at 37° C. with each ligand at various concentra-
tions EGF was obtained from GIBCOQ). Cells were washed
with cold phosphate buffered saline (PBS) containing 400
uM sodium othovanadate and they lysed in PI/RIPA buffer,
(1% NP40, 1% Deoxycholate, 0.1% SDS, 0.15 M NaCl.
0.01 M sodium phosphate pH 7.4, 1% Trasylol, 1 mM
PMSF, 2 mM EDTA, 10 mM sodium fluoride, 10 mM
sodium pyrophosphate, 400 uM sodium othrovanadate, 10
mM iodoacetoamide and 1 mM ATPQ for 30 minutes.
Pre-cleared supernatants were subjected to immunoprecipi-
tation with 7.16.4, a monoclonal antibody specific for
p185neu/p185c-neu or with M294, an EGFR-specific anti-
body (ICN Biomedicals). Antibody 7.16.4 was prepared
according to the method of Drebin et al., (1984) Nature 312:
545-548.

Immune Complex Kinase Assay

3x10° Ml cells were incubated in DMEM/5%FCS with or
without 10 ng/ml EGF for 15 minutes at 37° C. Cells were
washed twice with cold PBS and scraped into 1 ml of lysis
buffer (1% Triton X-100, 1% Deoxycholate, 0.1% SDS. 0.15
M Na(Cl. 0.01M Sodium pyrophosphate pH 7.4 1% Trasylol,
I mM PMSF, 2 mM EDTA, 10 mM sodium fluoride, 10 mM
sodium pyrophosphate, 400 uM sodium orthovanadate, 10
mM iodoacetamide and 1 mM ATP) and incubated for 30
minutes. The lysates were triturated, then incubated for 10
minutes with 50 ul of 50% (v/v) Protein A-Sepharose and
centrifuged for 5 minutes to preclear the lysates. Precleared
supcrnatants were incubated with 5 pg of 7.16.4 for 30
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minutes, followed by 50 ul of 50% (vol/vol) protein
a-sepharose for 30 minutes with rotation. Immune com-
plexes were collected by centrifugation and washed four

times with 500 ul of washing buffer (0.1% Triton X-100, 0.4
mM EDTA 10 uM sodium fluoride, 10 mM sodium fluoride.
10 mM sodium pyrophosphate, 400 uM sodium
orthovanadate, (.01 sodium fluoride, pH 7.4) then twice
with 750 ul reaction buffer (20 mM Hepes pH7.4, 3 mM
MnC(Cl,. 30 uM Na3S04, and 0.1% Triton X-100). Pellets
were resuspended in 50 ul of reaction buffer and [Gamma
?P]-ATP was added to yield a final concentration of 10 uM.
The samples were incubated at 27° C. for 15 minutes and the
reaction terminated by addition of 3X SDS-PAGE sample
buffer pH 6.8 (3% SDS, 10% Glycerol, 5%
2-mercaptoethanol, 0.4% bromphenol blue) containing 2
mM ATP and 2 mM EDTA and incubated at 100° C. for 5
minutes before SDS-PAGE analysis above.

'**I-EGF and '*I Anti-p185nen Mononclonal Antibody
Binding Assays

Binding assays using lactoperoxidase iodinated EGF (43,
000 cpm/ng) or highly purified antibody 7.16.4 (12,000
cpm/ng) were performed according to the method of Kokai
et al. (1987) Proc. Natl Acad. Sci USA 84: 8498-8501. Data
were analyzed on a Scatchard plot, and apparent K,, and
B, .. determined.

Scatchard analyses were performed to study the affinity
states of EGF receptors on M1 and K2 cells. The binding
profiles on M1 and K2 cells reveal that each clone has two
different affinity states for EGF. About 8% of the receptors
for EGF expressed by the clones were high affinity. The M1
and K2 K, values for EGF binding were 1.6x10~!'M and
6.0x107*°M respectively for high affinity receptors and
3.1x107°M and 9.7x10"°M respectively for the low affinity
receptors (sce Table 1). Table 1 shows the transformation
parameters of the cell lines and summarizes the transformed
phenotypes of the transfectants. For plating efficiency in soft
agar, 1x10° and 1x10* cells were seeded in normal medium
containing 0.25% agarose and colonies were counted after
fourteen days. Results are expressed as percentage of seeded
cells. Receptor numbers were determined by '**I-anti-p
185c-neu binding assays as described in Experimental Pro-
cedures. the total number o receptors per well were divided
by the total number of cells per well. A 1:1 EGF to EGFR
and a 1:2 anti-p185c-neu stoichiometry was assumed. The
Kd’s were determined by Scatchard analysis. To test for in
vivo growth potential, individual clones (10° per animal)
were washed, resuspended in phosphate buffered saline, and
injected subcutaneously into 30 to 40 day old nude mice.
Results are expressed as the number of mice developing
tumors/total number of animals injected. These data show
that both p185¢c-neu and the EGF receptors on these cells
exhibit all the expected physical and functional properties
including molecular weight, phosphorylation profile,
tyrosine kinase activity, and ligand binding affinity.

TABLE 1
m
Soft agar Tumor Receptor numbers
(% efficiency) Incidence  pl185neu EGFR Kd of EGFR

Cell Lmes Cell Lines Morphology

W

NR6 — normal <0.1 Q/6 0 0 —
NV NR6 normal <0.1 Of6 1.7 x 10° 0 —
Ml NRé6 transformed 0.2-1.1 6/6 13x10° 14x10° 16x107"

3.1 x 107°
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TABLE 1-continued

10

e ———————————————————————————

Parental Soft agar

Cell Lines Celi Lines Morphology (% efficiency) Incidence

pi8ineu

Tumor Receptor numbers

EGFR Kd of EGFR

e ————————————————————————————————— e

KS NRG6 transformed 0.2-1.1 6/6

0/6
0/6
0/6
6/6
6/6
&6
0/6

<1).1
<0.1
<0.1
1-1.2
37.5
<0.1
nd

normal
normal
normal
transformed
transformed
normal

NES NR6
NIH3T3w —

G8 NIH3T3w
GEr NIH3T3w
B104-1-1 NIH3T3w
Rat-1
A431

18 x 10°

O

0
34 x 10°
20 x 10°
1.4 x 10°°
19 x 10*

O

68 x 10° 6.0 x107*°

9.7 x 1078
2.5 x 10° nd
0 -
0 —_—
4.6 x 104 nd
O —_—
2.8 x 10* nd
2.6 x 108 nd

e

Tumor Growth Suppression In Effector Cell Independent
Conditions

To determine whether tumor growth suppression
observed in vivo was caused by antibody-mediated host cell
dependent effects, the ability of the anti-receptor antibodies
to suppress the transformed phenotype of the M1 and K2
cells under in vitro, effector cell independent conditions was
examined. A focus-formation assay was performed, as the
efficiency of growth in soft agar of M1 and K2 cells is low
(<2%).

Fifty cells from each cell line were plated in 6 cm culture
dishes with 1x10* of NR6 cells and cultured in the DMEM
containing 2% of fetal calf serum. Sixteen hours later the
medium was replaced to 2% FCS-DMEM containing growth
factors and antibodies as indicated on Table 2. The media
was changed every 3—4 days and morphologically trans-
formed foci were scored on day 14. Numbers represent mean
+ SD. These data were confirmed by three distinct experi-
ments and each experiment was performed in duplicate. ++
indicates more than one hundred thousand molecules of
receptors are expressed per cell. + indicates ten thousand to
one hundred thousand molecules of receptors are expressed
per cell.
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Treatment of M1 and K2 cells with micromolar concen-
trations of BGF results in decreased number of foci as well
as a change in cell morphology to a flatter more well spread
phenotype.

Overexpression of pl85c-neu in Rodent Fibroblasts Does
Not Result in Transformation

The transforming activity of p185c-neu in two indepen-
dent rodent fibroblast cell lines, NIH3T3w and NR6 was
examined. The NIH3T3w cell line is an NIH3T3 cell sub-
clone which displays a low frequency of spontancous tumor
formation and which lacks EGF receptors. NR6 is an EGFR-
negative mutant of the EGFR-positive Swiss 3T3 mouse
fibroblast cell line. NR6 cells were cotransfected with pSV2-
neuN, an expression vector containing the p135c-neu coding
region under the control of an SV40 promotor (Bargmann et
al.. (1986 Nature 319: 226-230), and pSV2DHFR using the
calcium-phosphate precipitation method and cells were cul-
tured in media containing 600 pM methotrexate. After
methotrexate selection, p185c-neu overexpressing cells
were isolated and named NV cells. The transformed pheno-
type of G8 cells, which are NIH3T3w cells cotransfected
with the c-neu gene and pSV2DHFR (Hung et al.. (1986)
Proc. Natl Acad. Sci. USA 83: 261-264) was also examined.

TABLE 2
Monoclonal Antibodies
Expression Level 7.16 4 425 IBGS
Cell Line pl85¢c-neu EGFR  Control 1 pg/mi 1 pg/ml 1 pg/ml

e e e e e

M1 ++ ++ 71+ 14 11421 13+14 25x35
K2 4+ + M +14 11121 10221 21128
GEr ++ ++ 60+ 14 27135 46121 nd
Ha-ras none none W+21 27135 26121 nd
transformed NIH3T3w
NV ++ none 0 0 0 nd
GB ++ none 0 ¢ 0 ndd
NE19 none ++ 0 0 0 nd
NIH3T3w none NONne 0 0 0 nd
NR6 Done none 0 0 Q nd

Growtih Factors

EGF EGF Insulin
ipgml  1pg/ml 1 pgml
121407 2121 19121
11+14 17128 20x0.7
30+56 58135 54157
M+14 2107 31149

0 0 0

0 0 O

3+0.7 10 0

0 0 0

0 0 0

e ——————— e

1 pg/ml of Mab 7.16.4 or Mab425 reduced the number of
foci by 50%. In addition, the M1 and K2 foci were signifi-
cantly smaller than the foci in control media. Neither

Mab7.16.4 nor Mab425 antibody was capable of inhibiting
focus formation of a ras-transformed cell line, and the

isotype matched 9BGS monoclonal antibody could not
inhibit focus-formation of either the M1 or K2 cells. These
data indicate that specific effects exerted on the two receptor
proteins by monoclonal antibodies result in suppression of
the transformed phenotype even in the absence of effector

cells.

65

Transfectants expressing 2x10° to 4x10° copies of p185c-
nen were assayed for the transformed phenotype. Seven
independent transfections were performed and 29 clones
were examined for morphology, focus formation. colony
formation in soft agar, and tumor formation in nude mice.
Although the expression level of p185c-neu in the transfec-
tants was comparable to those seen in certain human
adenocarcinomas, none of the clones tested appeared to be
transformed (see Table 1).
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Overexpression of EGFR Alone In Rodent Fibroblasts Does
Not Result In Cellular Transformation

It has been shown that overexpression of EGFR trans-
forms NIH3T3 cells only when EGF is added to the culture
medinm. Accordingly NR6 cells were transfected with an
EGFR expression vector. NR6 clones which overexpressed
EGFR, named NE19, were not tumorigenic and did not form
foci or soft agar colonies in a medium containing 10% FCS
(see Table 1). Thus, transfected EGFR alone was unable to
fully transform NIH3T3w and NRO6 cells. In summary,
neither p185c-neu nor EGFR overexpression alone is suffi-
cient to transform NIH3T3w or NR6 cell lines.
Transfection of EGFR Into Cells Overexpressing p185c-neu
Results In Cellular Transformation

To study the interaction of the two tyrosine kinases
(EGFR and pl85c-necu), EGFR cDNA was transfected into
cloned cell lines that already express high levels of the
pl85c-neu. The resultant cell lines, NVEr and GEr, overex-
press both p185c-neu and EGFR. These double transfectants
were fully transformed by the introduction of the EGFR.
However, cells which overexpress pl185c-neu only (G8 and
NV cells) and cells which overexpress EGFR only (NE19
cells), do not display any features of the transformed phe-
notype. The p185c-new/EGFR double transfectants (GEr and
two NVEr clones, M1 and K2) form foci in culture and result
in tumor formation in nude mice (see Table 1).
Properties Of pl185c¢-neu And EGFR In The Transformed
Clones Overexpressing The Two Receptors

p185c-neu and the EGF receptors expressed on two NVEr
clones, M1 and K2 were analyzed further to characterize the
receptors. A 185 kd phosphoprotein was immunoprecipi-
tated from M1, K2, Rat-1, and IEC18 (rat epithelial) cell
lines with 7.16.4, a p185neu/p185c-neu specific monoclonal
antibody. Similarly, a 170 kd phosphoprotein was immuno-
precipitated from M1 and K2 clones with M294, an EGFR
specific antibody. These data confirm that the transfected
constructs properly encode the two receptors and that these
proteins are phosphorylated.
EGFR-Mediated Phosphorylation of p185¢-neu

EGF induces an EGFR-mediated phosphorylation of
-185c-neu on tyrosine, as well as serine and threonine.
pl85c-neu isolated from cells treated with EGF has
enhanced tyrosine kinase activity. To determine whether this
interaction occurs in the double transfectants, M1 and K2
cells were metabolically labelled and incubated with an
without 50 ng/ml EGF for 15 minutes at 37° C. The
pl85c-neu was immunopurified from cell lysates in the
presence of Na,VO, and electrophoresed using SDS-PAGE.
EGF treatinent increases the phosphorylation of p185c-neu.
Tyrosine Kinase Activity of Overexpressed p185c-neu

The tyrosine kinase activity of the overexpressed p185c-
neu isolated from M1 cells treated with or without EGF was
examined. p185c-nen was immunopurified from cell lines
treated with or without EGF in the presence of Na,VO, and
used in an immune complex kinase assay. pl85c-neu from
EGF-treated cells exhibits 2-3 times higher autophospho-
rylation activity than p185c-neu isolated from untreated
cells. These data confirm that this p185c-newW/EGFR inter-
action occurs in the doubly transfected cells.
Effects of Monoclonal Antibodies Directed Aqainst p185
neu and EGFR On The Tumorigenic Growth Of M1 and K2
Cells Implanted Into Nude Mice

M1 and K2 cells were NR6 cells transfected with cellular

rat new and human EGF receptor cDNA. M1 cells express

1.3x10° molecules of p185c-neu and 1.4x10° molecules of
EGF receptors. while K2 cells express 1.8x10° molecules of
p185c-neu and 6.8x10* molecules of EGF receptors.
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1x10° M1 or K2 cells were implanted subcutaneously in
NCR nude mice, and the mice were subcutaneously treated
with monoclional antibodies to p185neu or the EGF receptor.
The monoclonal antibodies used were Mab 7.16.4 (IgG2a),
which is reactive with an extracellular domain of p185neu
and capable of reverting the transformed phenotype of neu

oncogene transformed cells in vitro and in vivo, and Mab
425, an Ig(G2a antibody which binds to the extracellular

domain of human EGF receptor to inhibit EGF binding and
induce EGF receptor down-regulation without stimulating
EGF receptor tyrosine kinase activity.

1x10° cells were suspended in 0.1 ml of PBS or 0.1 ml of
PBS containing 10 pg of monoclonal antibody and injected
subcutaneously in the mid-dorsum of the mice. Each group
of 6 mice received PBS or 10 pg of antibody administered
subcutancously on days 1 and 7. Growing tumors were
measured with vernier calipers on every day after tumors
appeared. Tumor volume was calculated as the product of
tumor length, width and height. The student’s T-test was

used to determine the significance between groups. 30 ug of
Mab 7.16.4 inhibited tumor growth of M1 and K2 cells by
80-90% (p<0.05). Treatment with 30 ug of MAb425 also
inhibited the tumorigenic growth of M1 and K2 celis by
80-90%. Mab 7.16.4 and Mab 425 were found to have no
effect on the growth of NIH3T3 cells transformed by Ha-ras.
In addition, an irrelevant isotype matched monoclonal
antibody, 9BGS had no effect on the tumorigenic growth of
M1 and K2 cells. In conftrast to the effect of the two
monoclonal antibodies, injection of high concentrations of
EGF did not have any significant affect on tumor growth of
either the M1 or K2 cells.
Effects of A combination of Monoclonal Antibodies
Directed Against p185 neu and EGFR On The Tumorigenic
Growth Of M1 and K2 Cells Implanted Into Nude Mice

M1 and K2 cells were NR6 cells transfected with cellular
rat neu and human EGF receptor cDNA. M1 cells express
1.3x10° molecules of p185c-neu and 1.4x10° molecules of
EGF receptors, while K2 cells express 1.8x10° molecules of
p185c-neu and 6.8x10* molecules of EGF receptors.

1x10° M1 or K2 cells were implanted subcutaneously in
NCR nude mice, and the mice were subcutaneously treated
with monoclonal antibodies to p185neu or the EGF receptor.
The monoclonal antibodies used were Mab 7.16.4 (IgG2a),
which 1s reactive with an extracellular domain of p185neu
and capable of reverting the transformed phenotype of new
oncogene transformed cells in vitro and in vivo, Mab 425, an
Ig(G2a antibody which binds to the extracellular domain of
human EGF receptor to inhibit EGF binding and induce
EGF receptor down-regulation without stimulating EGF
receptor tyrosine kinase activity, and a combination of these
two antibodies.

1x10° cells were suspended in 0.1 ml of PBS or 0.1 m! of
PBS containing 10 pg of monoclonal antibody and injected
subcutaneously in the mid-dorsum of the mice. Each group
of 6 mice received PBS or 10 pg of antibody administered
subcutancously on days 1 and 7. Growing tumors were
measured with vernier calipers on every day after tumors
appeared. Tumor volume was calculated as the product of
tumor length, width and height. The student’s T-test was
used to determine the significance between groups.

FIG. 1 shows the effects on tumor volume of the admin-

istration of antibody 7.16.4 (4-), antibody 425 (%) and a

10 pg mixture of 7.16.4 and 425 (—¢-). The PBS control is
represented as (=-). Mab 7.16.4 and 425 inhibited tumor

growth by 70-85 percent as compared to the control. The
mixture of Mabs 7.16.4 and 425, however, inhibited tumor

growth by more than 90 percent as compared to the control.
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Significance

Cotransfection of cells leading to overexpression of both
p185c-neu and EGFR in the same cell mediates cell trans-
formation in a specific manner. While overexpression of
p185c-neu alone or EGFR alone is not sufficient to transform
NIH3T3w and NR6 cell lines, the introduction and overex-
pression of EGFR in cells already overexpressing p185c-neu
leads to transformation. The transfectants which overexpress
both p185c-neu and EGFR from foci, produce colonies in
soft agar, and form tumors in nude mice. The properties of
the rat p185c-neu and the EGFR expressed on the doubly
transfected cell lines were examined and these receptors
were found to be indistinguishable from those seen in
normal cells in terms of ligand binding affinities, molecular
weights, and tyrosine kinase activities. Doubly transfected
cells cause tumor formation when transplanted into mice.
These tumors decrease in size when monoclonal antibodies
to extracellular domains of p185neu and EGFR are injected
into the tumors.

The data clearly show that two previously well
characterized, normal cellular proteins (pl85c-neu and
EGFR) act in concert to transform NIH3T3 cells when
coexpressed at high levels. The data also show that tumors
formed from the doubly transfected cells synergistically
regress when antibodies specific for extracellular domains of
the two receptors interact with the cells.

I claim:

1. A method of treating mammalian tumors wherein the
cells of such tumor express both 1) epidermal growth factor

receptor and 2) p185neu, p185c-neu or a homologue of 30

pl85neu or p185c-neu, said method comprising

administering to a mammal having such a tumor at least
one antibody specific for epidermal growth factor

14

receptor and at least one antibody specific for p135neu.
p185c-neu or a homologue of p185neu or p185¢c-neu or
a homologue in an amount effective to reduce tumor

growth, wherein said antibody specific for epi dermal
growth factor receptor is Mab425 and said antibody
specific for p185neu, p185c-neu or a homologue of
p185neu or p185c-neu is Mab 7.16.4.

2. The method of claim 1 wherein each of said antibodies

1o is conjugated with a cytotoxic molecule.

3. The method of claim 1 wherein each of said antibodies
is conjugated with a radioactive molecule.

4. A therapeutic composition for treatment of a mamma-
lian cancer tumor having cells which express both epidermal

15 growth factor receptor and p185neu, p185c-neu or a homo-

logue of p185neu or pl85c-neu comprising

at least one antibody specific for p185neu, pl85c-neu or
a homologue of pl85neu or pl85c-neu;

at least one antibody specific for epidermal growth factor
receptor; and

a pharmaceutically acceptable carrier or diluent. wherein
said antibody specific for epidermal growth factor
receptor is Mab425 and said antibody specific for
pl185neu, p185c-neu or a homologue of pl85neu or
p185c-neu is Mab 7.16.4.

5. The composition of claim 4 wherein each of said

antibodies is conjugated with a cytotoxic molecule.

6. The composition of claim 4 wherein each of said
antibodies is conjugated with a radioactive molecule.
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